Corresponding editor: Pia Moisander Akinetes (resting stages), as key elements in the life cycle of Nostocales, ensure the persistence of species and invasion of new habitats. Information about the sedimentary akinete pool is required to predict blooms of Nostocales. We studied the akinete abundance in the surface sediment of a deep stratified lake in NE Germany to determine which part of the akinete pool is potentially able to germinate under the underwater light, temperature and oxygen conditions present. Akinetes increased in abundance significantly with depth (R 2 = 0.86). They accumulated below 12 m (214 × 10 6 akinetes m −2 ), where temperatures of 8-12°C could support germination, but light supply ≤0.1 mol photons m −2 d −1 and anoxia in the summer prevent germination. Assuming a light supply of 0.5 mol photons m −2 d −1 and oxic conditions suitable for germination, only 10% of the total akinete pool deposited in littoral areas of 0-8 m depth can contribute to the recruitment. The sediment area for germination due to oligotrophication would increase from the current 41 to 45-61%. Thus, up to 261 × 10 12 more dormant akinetes could become part of the active akinete pool and consequently influence the future species composition and support the persistence of species.
I N T R O D U C T I O N
Akinetes are key elements in the life cycle of Nostocales. They not only have a temporary resting function, such as ensuring overwintering in the temperate climate zone, but also enable the long-term survival of a species over decades and support the invasion to new habitats (Wiedner et al., 2007; Kaplan-Levy et al., 2010; Sukenik et al., 2012) .
The importance of the size of the sedimentary akinete pool for the success of the population in the following growing season has not yet been fully understood. Rücker et al. (2009) pointed out that the akinete pool of Cylindrospermopsis raciborskii in a eutrophic polymictic lake in NE Germany could not completely explain the population size in the following year. The growth conditions after germination were obviously more responsible for the population size of this invasive Nostocales species than the number of akinetes in sediments. In contrast to this, Padisák (2003) reported a correlation between the size of the akinete pool of C. raciborskii and the following population size in Lake Balaton (Hungary).
However, the size of the germinable akinete pool in sediments is dependent on (i) the input of akinetes from the pelagic population, (ii) the loss of akinetes, respectively, the loss of their viability in sediment and (iii) the loss of akinetes due to germination (Fig. 1) . Remains of germination, the empty akinete envelopes, are useful microfossil indicators of past phytoplankton communities and trophic state (Van Geel et al., 1994) .
The annual abundance of intact akinetes has been studied in sediments of different shallow lakes and reservoirs (Karlsson-Elfgren and Brunberg, 2004; Kim et al., 2005; Kravchuk et al., 2006; Rücker et al., 2009) . Hitherto, limited results are available on large, thermally stable stratified lakes.
However, there is still a gap in knowledge concerning the number of akinetes formed in natural populations of different Nostocales species. Some studies have shown previously that viable akinetes in sediments can be subject to loss processes, such as infections by viruses or fungi, digestion by invertebrates (Cmiech et al., 1988; Ståhl-Delbanco and Hansson, 2002; Sigee et al., 2007; Gerphagnon et al., 2013) or they can be buried in deeper sediment layers where they cannot resuspend and receive triggers for germination (e.g. light) .
Light has been found to be required for the germination of different Nostocales species, such as Dolichospermum flos-aquae and D. circinale (Van Dok and Hart, 1997; Kim et al., 2005) . Low light intensities of 300 lx continuous white light (corresponds to 0.5 mol photons m −2 d −1
) were sufficient to initiate the germination of Anabaena iyengarii (Agrawal and Singh, 2000) , Dolichospermum macrosporum and D. flos-aquae (Legrand et al., 2016) , or even 0.04 mol photons m −2 d −1 for Nodularia spumigena akinetes (Huber, 1985) , respectively. Germination of D. flos-aquae akinetes peaked in the Seokchon reservoir at low water temperatures of 8-12°C (Kim et al., 2005) , but the germination of Anabaena ucrainica below 8°C was strongly inhibited (Tsujimura and Okubo, 2003) .
Consequently, akinete germination takes place mainly in the littoral zone due to higher temperatures, higher light supply and sediment resuspension (Head et al., 1999; Karlsson-Elfgren and Brunberg, 2004; Rengefors et al., 2004) , and Kravchuk and Anisimova (2012) stated that hot spots of akinete abundance in littoral sediments are potential sites of "bloom" initiation.
Various factors contribute to the uneven, patchy distribution of akinetes in littoral or profundal sediments, respectively (Fig. 1) . Depending on the topography and morphometry of lake basins, these are physical factors, such as waves and currents, which  influence the deposition of sedimenting particles, including the akinetes of Nostocales. In steep lake basins, sediment focusing transfers material into deeper zones. Furthermore, turbidity due to phytoplankton or suspended minerals as well as the colour of the water produced by dissolved (humic) substances influence the light penetration to the lake bottom. Together with water temperature, we assume that light is a key factor triggering akinete germination and the growth of Nostocales germlings. Consequently, in deep lakes, only that part of the seed bank where light and temperature conditions enable germination contributes to the recruitment of the Nostocales population. Akinetes accumulated in deep, cold and dark zones are no longer part of the active akinete pool; they are "lost in the dark".
Moreover, the presence of oxygen is an important prerequisite for germination (Kaplan-Levy et al., 2010) , whereas anaerobic conditions support long viability of akinetes in sediments (Fay, 1988) , for up to 64 years, as reported by Livingstone and Jaworski (1980) . Thus, akinetes deposited decades ago can contribute to the recruitment of Nostocales populations if conditions change, especially if light penetration increases due to the improvement of water transparency or the littoral zone increases due to water level reduction.
We studied the horizontal distribution of Nostocales akinetes in the sediment surface of a deep stratified lake in Northern Germany, Lake Scharmützelsee, to test our assumptions. We analysed (i) the light, temperature and oxygen conditions and the Nostocales biovolume in the pelagic zone, and (ii) the spatial heterogeneity of akinetes in sediments in relation to water depth. In the following, we (iii) estimated the potential inoculum size for recruitment of Nostocales populations from sediment akinetes. We (iv) investigated scenarios of different trophic states and their impact on the size of the active akinete pool to answer the question: Does improvement of the water quality due to oligotrophication and improvement of underwater light conditions contribute to an increasing relative importance of Nostocales?
M E T H O D Study site
Lake Scharmützelsee is a dimictic, temperate hard water lake located in NE Germany (52°14' N; 14°02' E). The lake is a typical glacial channel lake, 10 km long and 1 km wide, with a catchment area of 127.9 km 2 (for more details, see Grüneberg et al., 2011) .
We distinguished three lake basins depending on the morphometry and mixis (Table I and Fig. 2 ): a relatively shallow, polymictic North basin (≤7 m; water sampling station NB), a thermally stable stratified, dimictic South basin (≤29.5 m; station SB) and a temporarily stratified Middle basin (≤11 m; station MB).
Lake Scharmützelsee has been highly eutrophicated since the 1960s. A direct discharge of inadequately treated wastewater and diffuse discharges lowered the water quality (Grüneberg et al., 2011) that was reflected mainly by a high phytoplankton biomass (Nixdorf et al., 2003) and a deterioration of oxygen conditions and H 2 S-formation in the hypolimnion (Kleeberg, 2003) . Improvement of wastewater treatment since 1990 resulted in decreasing in-lake nutrient concentrations. Phytoplankton biomass responded with a rather sharp decline and subsequent increase of water transparency in 2003 (Grüneberg et al., 2011) , followed by recolonization by submerged macrophytes (Hilt et al., 2010) . Moreover, the composition of summer phytoplankton species shifted from the dominance of filamentous cyanobacteria: Pseudanabaena spp., Planktolyngbya spp., Limnothrix spp., Aphanizomenon gracile, C. raciborskii (Nixdorf et al., 2003) to a more diverse phytoplankton mix consisting of dinoflagellates, green algae, diatoms and cyanobacteria, now essentially Chroococcales and Nostocales. The number of species of the latter are increasing. Furthermore, the improvement of the trophic state resulted in a deepening of the oxic zone from~6 tõ 10 m (summer minimum). Despite these improvements, Lake Scharmützelsee has not yet reached the mesotrophic reference status. The trophic state has recently been classified as weakly eutrophic consonant with the fixed class boundaries suggested by the OECD (1982). 
Water sampling, measurements and calculations of underwater light conditions
The sampling and measurements of Secchi depth and vertical profiles of water temperature and oxygen were performed monthly to fortnightly 1993-2014 at water sampling stations above the deepest points of all lake basins (NB, MB, SB; Fig. 2 ). Vertical profiles were determined at half-metre intervals with a multiparameter probe (Hydrolab H20, Austin, TX, USA). Mixed water samples (in one-metre steps) of the uppermost mixed part of the water column (epilimnion during thermal stratification or entire water column during mixing periods) were taken for chlorophyll and nutrient analyses performed following standard methods (DEV, 1976 (DEV, -2015 in the period 2005-2010. Additionally, subsamples of these mixed water samples were taken for phytoplankton analyses and preserved by the addition of acidified Lugol's solution directly after sampling.
The underwater light supply was calculated as described by Hilt et al. (2010) , using global radiation data from the 10-km distant Meteorological Observatory Lindenberg (DWD, Germany) and Secchi depths. The distinction between littoral and profundal zones was based on euphotic depth estimated from 2.5 times Secchi depth .
Sediment sampling and processing
Sediment core sampling was performed during ice cover. Firstly, the spatial heterogeneity of akinetes was studied in the North basin in February 2009 at seven littoral sites and five sites close to the lakeshore ( Fig. 2A) . Secondly, one transect along the lake's longitudinal axis We used an UWITEC sediment corer (Mondsee, Austria) of 50 mm diameter. The uppermost first centimetre of the undisturbed sediment surface was taken immediately after sampling. At each sampling point, the material of three sediment cores was combined and placed in a sealable polypropylene cup. Subsamples were preserved with formalin (4% final concentration) for microscopic akinete analysis. The remaining original samples were taken for determination of dry weight (8 h at 105°C) and subsequent loss on ignition (3 h at 500°C).
Microscopic analysis
Sediment and water samples were analysed microscopically following Utermöhl (Utermöhl, 1958) and Rott (Rott, 1981) , using sedimentation chambers (HYDRO-BIOS, Kiel, Germany) and a Nikon Diaphot300 inverted light microscope. Sediment samples were diluted 1:100 with degassed tap-water and Lugol's solution was added before analysis. The biovolume of vegetative cells and akinetes was calculated based on geometric shapes and volume equations based on the European standard method (DIN EN 16695, 2015) .
The identification of cyanobacteria was performed as described in Stüken et al. (2006) , considering recent taxonomic revisions consonant with Komárek (2016) . We classified Nostocales species according to their akinete morphology. This was possible for C. raciborskii to species level and for Aphanizomenon spp. to genus level. The latter includes Cuspidothrix issatschenkoi, formerly Aphanizomenon issatschenkoi. The genus Dolichospermum forms either cylindrical-or oval-shaped akinetes, which we summed up. This group also contained akinetes of the rare species Anabaenopsis cunningtonii and Sphaerospermopsis aphanizomenoides. Dolichospermum lemmermannii constituted an exception, as it forms bean-shaped akinetes, which usually stick together in clusters. These lumps remain in the sediment and are difficult to quantify accurately. Therefore, D. lemmermannii was counted separately from other Dolichospermum species.
Only intact akinetes were considered in this study, and not empty akinete envelopes. Akinetes were defined as "intact" or germinable when the cytoplasm was clearly visible.
Data analysis and estimation of potential inoculum size
Curve fitting and calculation of isopleths were conducted with the software OriginPro 8 SR0 (OriginLab Corporation, USA). The relation between the akinete abundance at the sediment surface determined in 2009 and 2010 and the depth of the water was described best by using a sigmoidal Boltzmann function Equation (1). The final regression model uses square root transformed data of depth (x) and akinete abundance (y) with y min = minimum abundance, y max = maximum abundance of akinetes, x 0 = turning point and dx = depth range with increasing akinete abundance. The slope of the increasing part of the function was calculated using Equation (2) to derive the depth of the low (y min ) and the high level (y max ). Based on this model, we calculated the abundance of akinetes for each depth (in one-metre steps). We multiplied the akinete abundance by the sediment surface area derived from the bathymetric map of the corresponding water depths to estimate the akinete pool.
R E S U L T S Temperature, light and oxygen conditions
The warming up of water proceeds similarly in all three lake basins (Fig. 3) . In the course of April, temperature rises from~6 to 12°C in ≤5 m depth. Thermal stratification sets in at the beginning of May. Thus, temperature further increases until the end of May, to at least 16°C in ≤5 m and down to 7 m in June. Further down to 8 m, 12°C is reached in all lake basins, i.e. down to the bottom in the North basin. Cooling down proceeds again similarly in all basins; the upper water layers reach temperatures around 12°C by the end of October and 8°C by the end of November. Ice cover appears earlier in the North basin than the South basin, sometimes already by December (Fig. 3) . The Northern basin was covered with ice for between 49 and 95 days in [2005] [2006] [2007] [2008] [2009] [2010] , and the South basin only between 17 and 82 days. Ice-off was in March. There were exceptionally warm winters in 2007 without any ice cover and in 2008 with only 9 days in the North basin.
Due to higher productivity and lower Secchi depths in the North and Middle basin (Table I) , light penetration was low compared to the South basin. Daily light supply was >0.5 mol photons m −2 d −1 throughout the North basin from May to July, at a 5-6 m depth in the Middle basin until October, and from January to December at a 5-8 m depth with maximum depth extension from June to August in the South basin (Fig. 3) . After the onset of thermal stratification, oxygen concentration decreases rapidly in the hypolimnion. The water below 12 m depth is anoxic in August and September, and partly in July and October.
Nostocales in the pelagic zone
Fourteen Nostocales species were observed in the pelagic zone of Lake Scharmützelsee belonging to the three native genera: Dolichospermum, Aphanizomenon and Anabaenopsis. Additionally, we determined alien, but not invasive Cuspidothrix issatschenkoi (Wilk-Woźniak et al., 2016) and two invasive species, C. raciborskii and S. aphanizomenoides (Stüken et al., 2006; Sukenik et al., 2012; Zapomělová et al., 2012) .
Biovolume and seasonality of Dolichospermum and Aphanizomenon showed strong differences between the polymictic North and dimictic South basin (Fig. 3) . The total biovolume of Dolichospermum (dominantly D. flosaquae and D. macrosporum) and Aphanizomenon (mainly A. flos-aquae and A. gracile) in the South basin was only half of that in the North basin. Here, Dolichospermum biomass peaked in August and a second, smaller peak occurred in September, whereas the annual biomass maximum appeared in the South basin in September. The annual biomass maximum of Aphanizomenon always occurred later in September to October. Single filaments of Nostocales sometimes persisted until March, but were rarely found during spring overturn. The 
Spatial distribution of akinetes in surface sediments
The littoral sites, especially close to lakeshores, were characterized by sandy sediments with high values of dry weight and low loss on ignition (<5% of dry weight), whereas profundal sites consisted of muddy sediments with low dry weight and high loss on ignition (ca. 25% of dry weight) (Fig. 4) .
Almost half of all akinetes in the surface sediment consisted of Dolichospermum, followed by Aphanizomenon (36%), D. lemmermannii (14%) and, with a very low proportion, C. raciborskii (2%) (Fig. 4A-C) . Apart from empty envelopes, intact akinetes of C. raciborskii and D. lemmermannii were not found in the littoral sites of the North basin, whereas they occurred unevenly distributed, but not frequently, in the profundal sediments of the Middle and South basins. The highest relative abundance of intact D. lemmermannii akinetes of almost 50% was found at sampling point 27 at a 15-m depth.
Comparing littoral sites, we found solely viable akinetes of Aphanizomenon at shore sites of the South basin (points 25 and 32; 7 × 10 6 akinetes m −2 and 13 × 10 6 akinetes m −2
, respectively), whereas only empty akinetes 

of this genus were found at shore Site 1 in the North basin, but 6 × 10 6 akinetes m −2 of Dolichospermum. The average of the total viable akinete number was threefold higher in the littoral than close to shore sites in the North basin.
Up to 15 times more akinetes were observed in profundal sediments of the South basin around the deepest site (190 × 10 6 to 250 × 10 6 akinetes m −2 ) than in the North basin. The total viable akinete abundance in sediments increased with water depth (Fig. 5) . Correlation was described best by using the Boltzmann function (R 2 = 0.86, N = 32) with a turning point at 7.95 (±0.01) m depth. Based on the curve fitting, a low level of 11.3 ± 0.5 × 10 6 akinetes m -2 was observed at 4-6 m (y min ; Fig. 5) depth and a high level of 213.7 ± 0.4 × 10 6 akinetes m −2 was observed at 12 m depth and below (10-13 m; y max ; Fig. 5) . Thus, the turning point at 8 m is in good accordance with the euphotic depth (2.5 × 3 m (Table II) = 7.5 m), which marks the boundary between littoral and profundal sites. The numbers of intact akinetes in profundal sediments at >8 m depth were significantly higher (median value of 191 × 10 6 akinetes m ; one-sided t-test, P-value <0.05; Fig. 4D ). . Total abundance of intact Nostocales akinetes in the surface sediment (0-1 cm) in relation to the water depth of Lake Scharmützelsee (sampling sites given in Fig. 2 ). Values were square root transformed (sqrt). Curve fitting with Boltzmann function (see parameters in Equation (1)) and 95% prediction band.
Estimation of akinete pool
Sediments of the shallow North and Middle basins contribute to about half of the total akinete pool in ≤10 m depth of Lake Scharmützelsee (Fig. 6) . Whereas the North basin consists only of littoral areas, the Middle basin has large sediment areas at depths of > 8 ≤ 10 m (Fig. 6) . The bottom parts of both basins contain a great portion of the total akinete pool, i.e. 53% in 6-7 m depth (North basin; 2% of the total lake akinete pool) and 40-48% in 8-10 m depth (Middle basin, 3% of the total akinete pool).
Most of the profundal sediments are in the South basin. The relatively large sediment area from 10 to 14 m depth (South basin, only), contains a quite large akinete pool (already more than 116 × 10 12 akinetes in 14 m; 9% of total akinete pool).
The pelagic Nostocales biovolume of the more eutrophic, shallow northern part was about twice as high as in the deep South basin (Fig. 3) . Thus, almost 20-fold higher akinete abundances in the sediment surfaces at ≥ 12 m depth in the South basin can be explained more by the accumulation of viable akinetes than by different akinete inputs from the pelagic. The accumulation of akinetes below 12 m results from unsuitable conditions for germination, such as anoxia and light supply is <0.1 mol photons m
Akinete pool -past trends and future scenarios of the changing trophic state
Since light is of crucial importance for the germination and growth of Nostocales, we analysed the underwater light conditions during different phases of trophic development in Lake Scharmützelsee (Table II) . The phases considered are based on the work of Grüneberg et al.
(2011) regarding the eutrophication history of Lake Scharmützelsee. We used a depth (given in metres) at which 0.5 mol photons m −2 d −1 were reached as the limit of successful akinete germination (assuming 100% germination). The underwater light supply and consecutive sediment area at depths ≥0.5 mol photons m
were estimated from averages of Secchi depths and long-term means of global radiation for the brightest months of the year, May-August. Due to a lack of data concerning the akinete abundance in sediments in the past, we used the akinete numbers of the present study for 2009-2010. Thus, the estimates could differ from the real pool size in the past. The size of the total akinete pool amounted to 1332 × 10 12 intact akinetes in the whole lake (Table II) . Applying the limit of 0.5 mol photons m
, underwater light supply was assumed to be sufficient for germination of 137 × 10 12 akinetes down to a depth of 7 m (5 × 10 6 m 2 sediment area). This means that only 10% of the total intact akinetes in 41% of the sediment surface area could contribute to the recruitment of Nostocales populations in 2010. We calculated lower proportions (3-7.5%) of the total intact akinetes in 22-39% of total sediment area potentially contributing to planktonic populations for the three different phases of P loading history . The depths of 4-7 m with underwater light supply of ≥0.5 mol photons m −2 d −1 were always oxic and, thus, suited for germination (Table II) .
The Secchi depth at the trophic reference state (= mesotrophic) should be 3.2-6 m in Lake Scharmützelsee, consonant with the OECD (1982). Thus, the theoretical inoculum would amount to 150-400 × 10 12 akinetes (11-30% of the total active akinete pool) in up to 60% of the whole lake sediment area (Table II) .
We estimated an inoculum size of 46.7 × 10 12 akinetes for the North basin and 58.2 × 10 12 akinetes for Table II : Theoretical size of the akinete pool in Lake Scharmützelsee depending on the light and oxygen conditions due to the changing trophic state in the past and future Phase of P loading history according to Grüneberg et al. (2011) . Z SD , Secchi depth as a mean of May-August. ).
D I S C U S S I O N
In this study, we analysed the horizontal distribution of akinetes in a large dimictic lake and quantified the size of potential inoculum for Nostocales populations from the seed bank in surface sediments. We found a considerable accumulation of akinetes in the zone ≥12 m depth and a transition zone of increasing akinete abundances between 5 and 12 m depth, which is consistent with our concept (Fig. 1) and reports from the literature (Baker, 1999; Rengefors et al., 2004; Kravchuk et al., 2006) . The abundance of akinetes in the uppermost centimetre of the sediment was~20 times higher at profundal sites (>12 m) compared to shallow littoral areas (<8 m). This indicates that the littoral zone is the site of the annual recurring akinete germination. It covers 41% of the lake area and contains~10% of the total akinete pool. Temperature below 12 m ranged between 8°C and 12°C in the vegetation period, which could still support germination and growth, but the underwater light supply ≤0.1 mol photons m −2 d −1 was assumed to be too low. Furthermore, the water body below 12 m was anoxic and contained H 2 S from almost mid-July to the end of September. Thus, the chance of an akinete becoming resuspended through bioturbation by higher vertebrates, like fish, and getting contact with oxygen, which is necessary for germination (Fay, 1988) , is small in those deep areas.
However, abiotic and biotic conditions in the lake vary both interannually and with increasing depth and, consequently, cause differences in the germination success or the number of "left-overs" of intact akinetes from previous year(s), respectively. Wind-driven physical forces, such as wave actions and currents, influence where akinetes settle and accumulate, and fine particles such as akinetes are redistributed from shallow to deep areas by the sediment focusing effect (Kravchuk et al., 2006; Cirés et al., 2013) . Furthermore, differences in the pelagic Nostocales biovolume could influence the horizontal distribution of akinetes in the sediment. A higher trophic state with a higher Nostocales biovolume is obvious in the shallow polymictic North basin (Table I) compared to the deep dimictic South basin (Hilt et al., 2010) . Whereas total Nostocales biovolume in the pelagic zone of the North basin was two times higher (Fig. 5 ).
compared to the South basin, species composition of Nostocales did not differ, except for C. raciborskii, which was only detected in the North basin in the period investigated in 2005.
This invasive species was first detected in Lake Scharmützelsee in 1995. It reached the highest biomass in the eutrophic years 1995 and 1999 (Nixdorf et al., 2003) and declined as the water quality improved. Since then, it does not appear every year in the routine phytoplankton counts. This is in accordance with Padisák (1997) , who suggested that this species tends to invade nutrient-rich lakes. Consequently, C. raciborskii in Lake Scharmützelsee is a good example of the persistence of an invasive species. Once invasion has begun, the formation of resting stages supports its survival in the new habitat (Sukenik et al., 2012) .
We cannot answer the question to what extent the sedimentary akinete pool contributes to the formation of Nostocales populations or bloom events so far. Many authors suggest that overwintering filaments are more important than the recruitment from the sediment (Kaplan-Levy et al., 2010; Sukenik et al., 2012; NaselliFlores and Padisák, 2016) . However, the exact quantification of overwintering filaments is as tedious as the quantification of the akinete pool in sediments. In this case, modelling approaches can improve our understanding of the processes and their interactions. Based on observational data, hitherto, Hellweger et al. (2008) and Jöhnk et al. (2011) demonstrated the importance of recruitment from sediments for the population development of Nostocales in shallow water bodies. Thus, applying our spatially highly resolved data in a model could contribute to a better understanding of the different life cycle strategies of Nostocales in deep stratified water bodies with wide littoral areas.
Here, we considered scenarios of different trophic states in Lake Scharmützelsee to demonstrate the potentially increasing size of the akinete pool in the course of improving water quality. The enlargement of the euphotic and oxic zones enables the germination of akinetes deposited in deeper areas, which were not part of the active akinete pool in the past. If Lake Scharmützelsee returns to the pristine mesotrophic state, respectively, reference state consonant with the OECD (1982), the area potentially involved in the recruitment of Nostocales would grow by~32%, and the potential inoculum size by 66% compared to the present state (Table II) . Thus, the improvement of water quality could reawaken the akinetes, respectively, species, which were thought to be "lost in the dark". It means that akinetes provide a chance, but abiotic and biotic conditions determine the successful development of Nostocales in the future.
C O N C L U S I O N S
Only that part of the sedimentary akinete pool which is deposited where light, temperature and oxygen conditions enable the germination of akinetes contributes to pelagic Nostocales populations in deep lakes. These promoting factors determining the inoculum size that contributes to Nostocales population growth in the next season are strongly dependent on the morphology, mixing regime and trophic state of the lake. We found a considerable accumulation of intact akinetes at depths with insufficient growth conditions. Thus, the Nostocales population including C. raciborskii would benefit from increasing underwater light supply in the course of oligotrophication since akinetes deposited in those depths will again contribute to annual population development.
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